1. Introduction
===============

Levothyroxine (LT4) is still the standard therapy for hypothyroidism. It is widely accepted, however, subjects under LT4 therapy have poorer quality of life (QOL) and more symptoms of depression than subjects with no thyroid disease even if biochemically euthyroid. Meanwhile, there are many unresolved issues regarding achieving clinical and biochemical euthyroidism and patient satisfaction ([@b1-epj-09-3706]--[@b3-epj-09-3706]). In addition, many patients cannot tolerate LT4, and suffer from symptoms such as palpitations, anxiety, and headaches, even when their thyroid hormone levels are still low and serum TSH levels are elevated. In that case, the American Thyroid Association (ATA) guidelines recommend reducing the LT4 dose then up-titrating it slowly ([@b1-epj-09-3706]). Alternatively, both LT4 and carbimazole may be used together as a block-replace regimen in Graves' disease (GD), to get further benefit from the immunomodulating action of carbimazole ([@b4-epj-09-3706]). The relationship between Hashimoto's thyroiditis (HT) and GD, however, is so interlaced that pathogenesis and pathology may overlap. Moreover, it is believed that both may co-exist in the same patient ([@b5-epj-09-3706], [@b6-epj-09-3706]). So, it was suggested that carbimazole may have an important role in treatment of human autoimmune (AI) thyroid diseases of either GD or HT. Also, it was found that methimazole (the active metabolite of carbimazole, not available in our country) significantly reduced the severity of experimental AI thyroid disease in rats ([@b7-epj-09-3706], [@b8-epj-09-3706]). We hypothesized that carbimazole may improve outcome for patients with primary hypothyroidism (or at least some categories) when added to LT4. The aim of this study was to determine thyroid hormone levels, LT4 tolerance and depression symptoms after adding small doses of carbimazole to reduced doses of LT4 for primary hypothyroid patients (with either AI hypothyroidism or subtotal thyroidectomy for GD) who were intolerant to LT4 therapy.

2. Material and Methods
=======================

2.1. Participants
-----------------

The study is a non-randomized, single arm, interventional, preliminary study. Subjects were hypothyroid attendants of the outpatient clinic of AL-Azhar University Hospital in Damietta, Egypt from January to March, 2015. Eligible participants were adult female patients, aged 18 years or over, who had previously been diagnosed with primary hypothyroidism (by a qualified medical practitioner or specialist), and were on stable doses of LT4 for at least 6 months, but were unable to tolerate it without reaching a thyrotoxic state. For LT4 intolerance, we used a study-specific questionnaire. The questions included the four principal adverse reactions from LT4 therapy making the patient non-tolerant (palpitations, anxiety, headaches, and insomnia) ([@b1-epj-09-3706], [@b9-epj-09-3706]--[@b11-epj-09-3706]). The 4-items require a response on whether each of the given symptoms had been significantly experienced during the last 3 months. Symptoms were worth zero when absent, one point when mild, 2 when moderate, or 3 points when severe. Thus, the maximum score is 12 points. We considered subjects having scores ≥ 6 as intolerant to LT4, hence were eligible for the study. Exclusion criteria included patients with: congenital hypothyroidism, any thyroidectomy (except subtotal for GD), thyroid diseases treated with radioiodine, coronary heart disease, anemia, uncontrolled hypertension or diabetes mellitus, or significant liver, renal or respiratory disease. Subjects using antidepressants or other drugs that may influence thyroid function or alter T4 metabolism were also excluded. Pregnant or lactating women or those planning for pregnancy during the study period were excluded too.

2.2. Design and Intervention
----------------------------

The study included 19 hypothyroid patients (aged 23--67 years) who met the inclusion and exclusion criteria. They were divided into two groups. Group 1 included 12 patients; 10 patients with HT that was diagnosed by clinical examination and positive thyroid peroxidase antibodies (TPO Ab). One patient had negative TPO Ab, but had typical fine needle cytology of HT. The other 2 patients were classified as non-specified (idiopathic) primary hypothyroidism. Those 2 patients had negative TPO Ab but unfortunately, they didn't have fine needle cytology. They might, however, have HT with negative TPO Ab after long duration of LT4 therapy ([@b5-epj-09-3706], [@b12-epj-09-3706]). Group 2 included 7 patients with subtotal thyroidectomy for GD in whom diagnoses were confirmed by surgical pathology reports. All patients received carbimazole 10 mg/day in addition to 25 μg of LT4, 1-hour before breakfast three days/week (on Saturday, Monday, and Wednesday), for 10 weeks. We reduced LT4 dose as per ATA guidelines ([@b1-epj-09-3706]). Also, our non-published experience is that patients are unable to tolerate large doses of LT4 with carbimazole. The rationale behind the low carbimazole dose in the present study is that previous studies used large doses (30--45 mg/day) in front of large LT4 dose (150 μg/day), but LT4 is already reduced for non-tolerant patients in our study ([@b7-epj-09-3706], [@b13-epj-09-3706], [@b14-epj-09-3706]). We were cautious not to increase the number of enrolled participants, as there are no experimental data to support such intervention. At the start and end of the study, we evaluated LT4 tolerance and depression symptoms for the patients. Also, at the start of the study and on Tuesdays at the end of the study, fasting blood samples were drawn for free thyroxine (FT4), free triiodothyronine (FT3), TSH, and TPO Ab. In addition, at the start of the study, we measured the lipid profile, and complete blood count and 12-lead ECG were done to exclude causes simulating LT4 intolerance.

2.3. Psychiatric Evaluation
---------------------------

Depression was assessed using Montgomery-Asberg Depression Rating Scale (MADRS) which is sensitive to changes brought on by treatment. Also, it is useful in measuring the degree of severity of depression, especially in patients with organic diseases. It consists of 10 items: Each item yields a score of 0 to 6. The following are the cutoff points: 0--6 (no depression), 7--19 (mild depression), 20--33 (moderate depression), 34--44 (severe depression), \>44 (very severe depression) ([@b15-epj-09-3706]).

2.4. Specimen Collection
------------------------

Five mL of blood were aspirated from each patient, left in incubator for 30 min at 37 °C, and then serum was separated and kept frozen in aliquots at −80 °C until analyzed. Lipid profile is performed by the automated BT 3500 instrument. It is an automatic analyzer random access for clinical-chemistry and immunoturbidimetry (Biotecnica Instruments, Via Licenza, 18-00156, Rome-Italy). FT3, FT4, TSH and TPO Ab assays were performed by a solid-phase, competitive chemiluminescent enzyme immunoassay on IMMULITE system (Siemens Medical Solutions Diagnostics Technical Services Department, USA). Reference ranges for TSH, FT3, and FT4 were (0.4--4.0 mIU/L), (2.3--6.3 pmol/L), and (10.3--24.5 pmol/L) respectively. Levels of TPO Ab \> 35 UI/mL were considered positive.

2.5. Statistical Analysis
-------------------------

Statistical analysis of the data was done using IBM© SPSS© Statistics version 20 (IBM© Corp., Armonk, NY, USA). Continuous data were presented in the form of mean and standard deviation (SD), and categorical data as number and percent. Continuous data were tested for normality of distribution prior to any statistical analysis. The Paired-samples t-test was used to compare between means before and after intervention for continuous data. ANOVA test was used for comparison of continuous data among three groups or more. For comparison between categorical data, chi-square test was used. Correlations were performed using the Pearson coefficient test. Statistical significant difference was considered at p \<0.05.

2.6. Ethical Approval
---------------------

The study was registered and approved by the local institutional ethical committee, and all procedures were in accordance with the standards of the 1964 Helsinki Declaration and its later amendments ethical standards. Informed consent was obtained from each participant included in the study.

3. Results
==========

3.1. Base line characteristics ([Tables 1](#t1-epj-09-3706){ref-type="table"}, [2](#t2-epj-09-3706){ref-type="table"})
----------------------------------------------------------------------------------------------------------------------

The mean age of our subjects was 43.3±14.7 years, and the mean previous LT4 duration (the positive study control) was 45.2±38.1 months. They had normal lipid profile (one patient had mild elevation in total cholesterol; 216 mg/dL). Nearly all patients (exactly 18 patients) were complaining of palpitation, indeed one patient in group 2 had recurrent attacks of paroxysmal atrial fibrillation (AF) with history of ICU admissions after being replaced with LT4. She had grade 2 depression. Interestingly, AF attacks disappeared throughout the study period. Three patients in each group were euthyroid (considered by TSH within the reference range). Only one subject had no depression while the other 18 subjects had some degrees of depression, but there were no cases of very severe depression.

3.2. Outcome measures
---------------------

### 3.2.1. In the whole population ([Table 3](#t3-epj-09-3706){ref-type="table"})

While there was significant increase in FT3 and FT3/FT4 (p\<0.001 and p=0.004 respectively), there was non-significant decrease in TSH with non-significant increase in FT4 (p=0.934 and 0.224 respectively). In addition, there was significant improvement in depression and symptoms of LT4 intolerance (p=0.017 and p\<0.001 respectively). There is a tendency towards positive correlation between serum FT3 and improved LT4 intolerance (p=0.095), and, to a lesser degree, between the former and grades of depression by ANOVA (p=0.165). Positive TPO Ab did not convert negative at the end of the study.

### 3.2.2. In Group 1 ([Table 4](#t4-epj-09-3706){ref-type="table"})

After having abnormally elevated TSH, 4 patients (33% of group subjects) achieved normal TSH at the end of the study. Another 2 patients remained biochemically euthyroid. In general, there was a trend towards TSH improvement in this group as a whole (p=0.053).

FT3 and FT3/FT4 were significantly increased (p\<0.001 for both), while increase in FT4 was insignificant (p=0.963). There was significant improvement in symptoms of LT4 intolerance and depression (p\<0.001 and p=0.037 respectively). Comparison between grades of depression showed significant correlation with increased FT3 (p=0.010).

### 3.2.3. In Group 2 ([Table 4](#t4-epj-09-3706){ref-type="table"})

In spite of significant increase in TSH (p=0.007) and non-significant decrease in FT4 (p =0.187) (as we reduced LT4 dose), there was non-significant increase in FT3 and FT3/FT4 (p=0.385, and 0.079 respectively) with significant improvement in symptoms of LT4 intolerance (p\<0.001), and non-significant improvement in depression (p=0.247). There was a tendency towards significant correlation between increased FT3 and both symptoms of LT4 intolerance and depression (p=0.143, 0.198 respectively).

4. Discussion
=============

Thyroid hormones regulate the function and metabolism of nearly all organs of the body, and their action is affected by plasma transport, deiodination, and transmembrane transport ([@b16-epj-09-3706]). It has been suggested that hypothyroid patients, even when adequately replaced with LT4, have increased morbidity and mortality ([@b17-epj-09-3706]). So, there is an unanswered question: where patients' dissatisfaction results from? First of all, we remember that the therapeutic benefit of LT4 replacement depends on its peripheral conversion into T3 ([@b18-epj-09-3706]) and the intracellular concentration of the latter is dependent on its transport from the circulation as well as intracellular deiodination of the former. However, LT4 replacement didn't seem to result in adequate T3 concentrations in all tissues in both animal and human studies ([@b19-epj-09-3706]--[@b22-epj-09-3706]). Therefore, athyreotic patients often need TSH-suppressive doses of LT4 to reach the normal preoperative levels of FT3 ([@b23-epj-09-3706]). The present study revealed improvement in depression and symptoms of LT4 intolerance in the hypothyroid populations. The better results being in group 1 rather than group 2, may be due to insufficient LT4 doses for those who underwent surgery. The increased serum FT3 (although insignificant in group 2) may be responsible for improvement in outcome. However, the absence of frank correlation between increased serum FT3 and symptoms in most cases may be due to the small sized sample. Another explanation is that the unmeasured tissue (e.g. the brain) level may be the responsible one for improvement of symptoms ([@b24-epj-09-3706]). In agreement with that, patients treated with combined levothyroxine and liothyronine (LT4 and LT3) therapy showed no improvement in wellbeing despite higher plasma levels of T3 compared with those treated with traditional T4 therapy ([@b25-epj-09-3706], [@b26-epj-09-3706]). Again, about 60% of circulating T3 is estimated to originate from the deiodinase 2 (D2) pathway in normal subjects ([@b27-epj-09-3706]). So, why do LT4-treated hypothyroid patients have insufficient T3 production? Bianco AC et al. suggested inhibitory effect of LT4 replacement on D2. The other explanation is that different tissues express D2 and transporters in different quantity and quality, and have different abilities to compensate for low T3 levels ([@b19-epj-09-3706], [@b28-epj-09-3706]). On the same line, van der Deure WM et al. found a polymorphism in the gene for thyroid hormone transporter OATP1C1 to be associated with fatigue and depression in subjects on LT4. Whereas Panicker V et al. found that polymorphism in D2 is associated with poorer psychological well-being in subjects on combined LT4 and LT3 ([@b24-epj-09-3706], [@b29-epj-09-3706]). This study revealed significant increase in FT3/FT4 ratio which is an indicator of increased peripheral deiodination ([@b30-epj-09-3706]). So, the increase in FT3 is mostly due to peripheral D2 activation rather than other causes such as changes in plasma proteins. Now, the current question is; could carbimazole enhance D2 activity (widely distributed in various tissues) or express more transporters? So far, the answer is still pending, but it seems likely, especially as propylthyouracil (the other antithyroid drug) impacts deiodination although with a reverse action ([@b27-epj-09-3706]). In summary, patients treated with LT4 are non-tolerant and non-satisfied with such therapy due to "imbalance" between increased serum levels of T4 (or at least peaked levels) with lower LT3 levels ([@b23-epj-09-3706]). So, normalization of serum TSH levels in these cases does not reflect peripheral tissue euthyroidism; it only reflects the feedback effect of thyroid hormones at the hypothalamic-pituitary level ([@b31-epj-09-3706]). Some authors suggested that autoimmune markers, independent of thyroid function, indicate poor QOL and depression ([@b32-epj-09-3706]). However, positive TPO Ab (a marker of thyroid autoimmunity) did not convert at the end of our study, predominantly because we used low doses of both LT4 and carbimazole. Previous studies documented decrease in TPO Ab titers after large doses of LT4 (with or without carbimazole) for longer duration, even in euthyroid patients ([@b7-epj-09-3706], [@b33-epj-09-3706]). The non-changed positive TPO Ab in our study indicates absence of relation between improvement of symptoms and AI markers per se. This is logic reasoning owing to; firstly; many patients (including some patients in this study) were TPO Ab negative but still complaining even if they were euthyroid. Secondly; standard LT4 therapy (with which the patients may not be satisfied) has been found to decrease TPO Ab titer (7, 12, and 14). Thirdly; our study population experienced dramatic clinical improvement by this regimen within days. In agreement with this hypothesis, a study of Engum et al. did not find any association between presence of TPO Ab and depression or anxiety in 745 euthyroid subjects ([@b34-epj-09-3706]). Another striking finding in our study is that FT4 didn't decrease in group 1 (mainly with HT). Instead, there was non-significant increase in FT4, with tendency towards significant improvement in TSH, despite decrease in prescribed LT4 doses. Jansson et al. suggested that immunosuppressive effects might be achieved not only by classic drugs acting on the immunocompetent cells, but also by drugs altering the target cells within the immune-injured organ causing reduction in AI stimuli ([@b14-epj-09-3706]). So, the other question is: Could "carbimazole" play this role in our case? Did it improve the pathology of the hypothyroid gland so that it regained some function and resumed hormonal synthesis and secretion? Surely it has an immunomodulating effect in GD ([@b35-epj-09-3706]), but it became clear that HT and GD are different expressions of a similar AI process ([@b5-epj-09-3706]). Moreover, these two clinically distinct diseases share common immunopathogenic mechanisms, and may also chair the same genes ([@b36-epj-09-3706]). Even conversion from one to the other has been reported ([@b37-epj-09-3706], [@b38-epj-09-3706]). So, the possible role of carbimazole in ameliorating the pathology of the hypothyroid gland remains a matter of investigation. The limitations of our study include small non-randomized sample. The study didn't include cases with severe hypothyroidism. Also, D2 activity was not measured in our study. The strengths of our study are adequate duration of therapy, evaluation of both subjective and biochemical measures, and a homogeneous group of subjects.

5. Conclusions
==============

Adding carbimazole to LT4, increases serum FT3, and improves LT4 tolerance and depression in primary hypothyroid female patients. Larger randomized studies are required to confirm these data, and to determine the appropriate doses of this regimen in different cases. The pathophysiology of hypothyroidism is not restricted to the affected gland, but it extends to the target tissues of its hormones. Hence, just normalization of serum TSH is not sufficient to expect patients' satisfaction.
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###### 

General characteristics of the patients at the base line of the study

  Variable                            Statistics; n (%)/Mean±SD
  ----------------------------------- ---------------------------
  Age (year)                          43.3±14.7
  Hashimoto thyroiditis               10 (53%)
  Idiopathic hypothyroidism           2 (10%)
  Post-surgical                       7 (37%)
  Previous LT4 dose (ug/day)          81.6±32.1
  Previous LT4 duration (in months)   45.2±38.1
  Positive TPO Ab                     12 (63.2%)
  SBP                                 117.4±14.8
  DBP                                 74.7±10.7
  Pulse rate/minute                   84.6±6.3
  Total cholesterol (\<5.2 mmol/L)    3.79±0.897
  LDL (\<3.36 mmol/L)                 2.1±0.685
  HDL (\>1.29 mmol/L)                 1.269±0.284
  TG (\<1.69 mmol/L)                  0.878±0.5
  Hb (g/dl)                           12.4±0.8
  WBCs                                6.3±2.3
  Platelets                           206±89

SBP: systolic blood pressure; DBP: diastolic blood pressure; LDL: low-density lipoprotein; HDL: high-density lipoprotein; VLDL: very low-density lipoprotein; TG: triglycerides; Hb: haemoglobin; WBCs: white blood cells

###### 

General characteristics of the patients in each group at the base line

  Variable                            Statistics; n (%)/Mean±SD   
  ----------------------------------- --------------------------- ------------
  Age (year)                          42.9±15.1                   43.9±15.1
  Previous LT4 dose (ug/day)          77.1±31                     89.3±34.9
  Previous LT4 duration (in months)   35±32.4                     62.6±43.2
  Positive TPO Ab                     9 (69.2%)                   3 (42.9%)
  SBP                                 118.3±14.7                  115.7±16.2
  DBP                                 75±11.7                     74.3±9.8
  Pulse rate/minute                   83±6.6                      87.4±5
  Total cholesterol (\<5.2 mmol/L)    3.77±1.08                   3.8±0.5
  LDL (\<3.36 mmol/L)                 1.98±0.79                   2.23±0.42
  HDL (\>1.29 mmol/L)                 1.298±0.336                 1.22±0.17
  TG (\<1.69 mmol/L)                  1.043±0.55                  0.597±0.20
  Hb (g/dl)                           12.7±0.9                    11.9±0.4
  WBCs                                7±2.5                       5.2±1.4
  Platelets                           235.8±92.1                  155±58.3

SBP: systolic blood pressure; DBP: diastolic blood pressure; LDL: low-density lipoprotein; HDL: high-density lipoprotein; VLDL: very low-density lipoprotein; TG: triglycerides; Hb: haemoglobin; WBCs: white blood cells

###### 

The thyroid hormone levels of the whole population at the base line vs. at the end of the study

  Variable        at the base line   at the end   Paired-samples t-test   
  --------------- ------------------ ------------ ----------------------- ---------
  TSH             7.7±7.4            7.5±5.3      0.084                   0.934
  FT3             3.1±0.768          4.5±1.22     4.726                   \<0.001
  FT4             14.2±3.86          11.6±3.86    1.260                   0.224
  FT3/FT4 ratio   0.24±0.06          0.45±0.30    3.054                   0.004

Reference range for TSH (0.4--4.0 mIU/L), FT3 (2.3--6.3 pmol/L), FT4 (10.3--24.5 pmol/L)

###### 

Data of both groups; at the base line vs. at the end of the study

  Parameters                             Group 1                          Group 2                        
  -------------------------------------- -------------------------------- ------------------ ----------- ----------
  Thyroid profile                        TSH                              At the base line   10±8.1      3.8±3.8
  At the end                             4.9±3                            12±5.5                         
  p-value                                0.053                            0.007                          
  FT3                                    At the base line                 2.9±0.768          3.4±0.768   
  At the end                             4.8±1.22                         3.8±1.22                       
  p-value                                \<0.001                          0.385                          
  FT4                                    At the base line                 12.9±5.15          15.4±3.86   
  At the end                             13±2.57                          10.3±6.43                      
  p-value                                0.963                            0.187                          
  FT3/FT4                                At the base line                 0.24±0.07          0.23±0.05   
  At the end                             0.38±0.08                        0.58±0.48                      
  p-value                                \<0.001                          0.079                          
  Grades of depression                   Grade 0 (no depression); n (%)   At the base line   0 (0)       1 (14.3)
  At the end                             4 (33.3)                         2 (28.6)                       
  Grade 1 (mild depression); n (%)       At the base line                 2 (16.7)           2 (28.6)    
  At the end                             4 (33.3)                         4 (57.1)                       
  Grade 2 (moderate depression); n (%)   At the base line                 7 (58.3)           4 (57.1)    
  At the end                             4 (33.3)                         1 (14.3)                       
  Grade 3 (severe depression); n (%)     At the base line                 3 (25)             0           
  At the end                             0 (0)                            0                              
  p-value                                0.037                            0.247                          
  Score of LT4 intolerance               At the base line                 7.3±2              8.1±0.9     
  At the end                             2.1±1.9                          3.1±2.1                        
  p-value                                \<0.001                          \<0.001                        

Reference range for TSH (0.4--4.0 mIU/L), FT3 (2.3--6.3 pmol/L), FT4 (10.3--24.5 pmol/L), Maximum score of LT4 intolerance; 12 = worst symptoms
